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Since the beginning of human civilization, people have settled along rivers and fertile deltas created by them. 
The sand rich in nutrient of the river delta is favorable for crops and livestock. At the present time, human 
development of the coastal zone in the river delta is happening in a rapid manner (Masria et al., 2012). In which, 
the coasts of river deltas have been developed to support trade and commerce, agriculture, tourism, urbanization, 
and so forth. In addition to human exploitation, the coastal zones along the river delta shorelines are also home 
for many species and can act as a barrier to reduce the impact of natural disasters such as hurricanes and 
typhoons. The human intervention in the coastal area and the river basin often results in the coastal erosion of 
the river delta shorelines, especially near the river mouth. For example, damming rivers for hydropower has 
been reported as one of the most common problems resulting in severe erosion of the downstream beaches. 
Recent coastal erosion of river delta shoreline has been reported in the global scale including those of the Nile 
(Refaat, 1990; Stanley, 1995), Mississippi (Blum and Roberts, 2009), Yangtze (Yang et al., 2011), Tenryu 
(Uda, 2010; Huang, 2011), and Thu Bon (Tanaka et al., 2016) Rivers. As coastal erosion is happening in a 
global scale and threatening the hundreds of millions of people living in deltas today (Anthony, 2015), it is 
necessary to take into consideration the morphological changes of river delta coastlines. Unfortunately, 
inadequate monitoring of many rivers around the world has limited the ability to identify the impacts of coastal 
erosion at the river mouth (Yang et al., 2011). It is, therefore, necessary to employ a method which can be used 
as a starting point for any coastal project to give a comprehensive discussion about the fundamental beach 
behavior under simplified initial and boundary conditions. For that reason, the analytical approach is preferable 
since it requires less measured data for the calculation. Specifically, the analytical solution of the one-line model 
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(Uda, 2010; Huang, 2011), and Thu Bon (Tanaka et al., 2016) Rivers. As coastal erosion is happening in a 
global scale and threatening the hundreds of millions of people living in deltas today (Anthony, 2015), it is 
necessary to take into consideration the morphological changes of river delta coastlines. Unfortunately, 
inadequate monitoring of many rivers around the world has limited the ability to identify the impacts of coastal 
erosion at the river mouth (Yang et al., 2011). It is, therefore, necessary to employ a method which can be used 
as a starting point for any coastal project to give a comprehensive discussion about the fundamental beach 
behavior under simplified initial and boundary conditions. For that reason, the analytical approach is preferable 
since it requires less measured data for the calculation. Specifically, the analytical solution of the one-line model 
provided by Larson et al. (1987) will be utilized in this study. In addition, a new analytical solution is developed 
to study the formation and deformation of river deltas with finite shorelines. Prior to the application of the one-
line model, image analysis is used to monitor the delta shoreline erosion/accretion trends as well as to determine 
the required parameters as the input for the analytical model. In this study, the analytical solutions of one-line 
model for shoreline changes are employed to investigate the formation and deformation of three wave-
dominated river delta coastlines. Prior to the application of the one-line model, characteristic quantities of each 
study area are estimated by means of image analysis, shoreline rate-of-change statistics, and sediment budget 
analysis. The wave-dominated river deltas as indicated in the three cornerstones of delta morphological 
classification (Galloway, 1975) is the subject of this study. This type of river delta satisfies the application of 
one-line model due to its regular shoreline shapes and the dominant of longshore sediment transport along the 
delta lopes (Seybold et al., 2007). Three wave-dominated river deltas with different scales including Thu Bon 
River delta in Vietnam, Ombrone River delta in Italy, and Funatsu River delta in Lake Inawashiro, Japan will 
be investigated to give a comprehensive perspective on the formation and deformation of wave-dominated river 
delta coastlines. In the first part of this study, characteristic changes of the three river deltas were analyzed using 
image analysis. From the results of image analysis, it is found that erosion of the delta apex can be caused by 
the asymmetric distribution of sediment input from the river as evidenced in the case of Thu Bon River delta. 
Specifically, due to the southward shifting of the Thu Bon River mouth, 85% of sediment input from the river 
is going to the southern shoreline which results in deficit of sediment supply to the northern shoreline and causes 
severe erosion of a beach located immediate north of the Thu Bon River mouth (Cua Dai Beach). Longshore 
sediment transport rates along two coastlines of Thu Bon River delta and sediment input from Thu Bon River 
are obtained based on the shoreline rate-of-change statistics and sediment budget analysis. An asymmetric 
sediment distribution has characterized the Thu Bon River delta apex since 2002: about 70,000 m3/y and 
390,000 m3/y of sediment are moving to the north and south, respectively, from the river mouth. The southward 
(rightward) shifting of the sand terrace in front of Thu Bon River mouth in the recent years has confirmed the 
asymmetric shoreline shapes at the river mouth. In the case of Ombrone River delta, it is found that erosion of 
the delta cuspate is caused by the reduction of sediment supply from the Ombrone River due to damming of 
the river. The longshore sediment transport rates along the Ombrone River delta coastlines are also calculated. 
The maximum longshore sediment transport rates along the northern and southern coastlines are 120,000 m3/y 
and 20,000 m3/y, respectively. These estimated longshore sediment transport rates show quite good agreement 
with the previous study by Anmiti and Pranzini (1990). Based on the image analyses of Thu Bon and Ombrone 
River deltas, discussion on the morphological change of river delta has been made for open coast deltas. 
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However, river deltas are also found in lakes where different scales in the external forces affecting the 
morphology of the delta are introduced. Therefore, Funatsu River delta in Lake Inawashiro, Japan is chosen as 
a case study to discuss the morphological change of river delta formed by sediment discharged from rivers to 
lakes. Although Funatsu River delta was formed in a lake, the wave conditions in this Lake is significant enough 
to allow the Funatsu River delta can be considered as a wave-dominated delta. As opposed to the previous two 
river deltas, the analysis results of Funatsu River delta show that this delta shorelines are still in the formation 
process as there is no sign of erosion along the delta shorelines. It is also found that about 670 m3 sand from the 
Funatsu River is annually transported to the western shoreline of the Funatsu River delta. All the results 
obtained above are from a short-term analysis of Google earth images. In order to validate the analysis result 
of Google earth images, longer-term Landsat images were used. In the Landsat image analysis, a new idea for 
calculating the longshore sediment transport at the river mouth was introduced. This idea relates the longshore 
sediment transport rate at the river mouth to the orientations of the delta lopes. Longshore sediment transport 
calculated using this idea show good agreement with the results obtained from Google earth image analysis. In 
addition, sediment supplies from the rivers were also estimated and these values were used to calibrate the 
analytical model in the second part of this study. In the second part of this study, the application of an analytical 
solution of the one-line model was performed. It is first found that the diffusion coefficient which represents 
the alongshore dispersion of sediment caused by breaking waves can be simply estimated based on the delta 
shoreline shapes. The application of analytical solution provided by Larson et al. (1987) can be used to well 
describe the formation of Thu Bon River delta. In the deformation process, superposition characteristic of linear 
equation was used to describe different processes of the sediment supply from the river. Although the analytical 
solution still shows the general trend of the shoreline, differences between the calculated results and the 
measured data can be observed. The complex coastal process at the river mouth such as welding of a sand spit 
or human intervention like sand mining can contribute to the differences between the calculated results and the 
measured data. Since the analytical solution of Larson et al. (1987) can be applied only to the river delta with 
infinite shorelines, a new analytical solution was developed to consider effects of lateral boundaries to the 
evolution of the delta coastlines. It was figured out that two demarcations represented by the dimensionless 
times t* can be used to judge whether the lateral boundaries have affected the coastline evolution or not. After 
a successful application of the new analytical solution to the experimental results of Refaat (1990), the new 
analytical solution was applied to predict the formation and deformation of the Ombrone River delta and the 
Funatsu River delta shorelines. Results obtained from the analysis showed that the new analytical solution can 
be used to well describe the formation and deformation of finite river delta shorelines. Based on the two 
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infinite shorelines, a new analytical solution was developed to consider effects of lateral boundaries to the 
evolution of the delta coastlines. It was figured out that two demarcations represented by the dimensionless 
times t* can be used to judge whether the lateral boundaries have affected the coastline evolution or not. After 
a successful application of the new analytical solution to the experimental results of Refaat (1990), the new 
analytical solution was applied to predict the formation and deformation of the Ombrone River delta and the 
Funatsu River delta shorelines. Results obtained from the analysis showed that the new analytical solution can 
be used to well describe the formation and deformation of finite river delta shorelines. Based on the two 
demarcations represented by the dimensionless time t*, the Thu Bon River delta shorelines are classified as 
infinite shorelines while the shorelines of Ombrone River and Funatsu River deltas are classified as finite 
shorelines. It can be concluded from the findings of this study that the method for estimating sediment supply 
from rivers based on the shoreline orientations at the river mouth is very useful and can be applied easily to 
other study areas. It should be noted that this estimation accounts only for the sediment load deposited along 
the coastlines which control the morphologies of the coastlines. In addition, superposition is very useful in 
studying different processes of river delta shorelines including deformation and recovery of the shorelines. 
Based on the demarcations where the boundary will take effect on the shoreline evolution and the classification 
of the delta shorelines, coastal structures can be built at a distance to the river mouth to change the infinite 
shorelines to the finite shorelines and the beach within this finite shoreline can be controlled. This can be done 
in engineering application to restore the beach from erosion. Concerning the limitation of this study, it should 
be noticed that the results obtained from this study are applicable only for the wave-dominated deltas as 
classified by Galloway (1975). In this study, the sediment supply from the river is assumed to be a constant 
value. However, this quantity is highly seasonal variation in reality. Therefore, this seasonal variation of 
sediment supply from the river and its effect on the morphological changes of the delta shorelines with finite 
extents should be considered in the future. In this study, formation and deformation of the river deltas have been 
investigated in the light of modern remote sensing techniques and analytical solutions due to lack of field 
measurement data, especially the sediment yield from the river basins. Because sediment yield in the river 
catchment is one of the most important factors naturally affect the coastal morphology at the river mouth, the 
mobilization of sedimentation in the river basin should be studied for an integrated management between river 
basin and coastal areas. This idea is an important aspect not only in Vietnam but also in many river catchments 
around the world with inadequate monitoring of the rivers. 
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